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$ YROXPHWULF HQHUJ\ EDVHG KLJK F\FOH PXOWLD[LDO IDWLJXH FLWHULRQ
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ORDGLQJV
.H\ZRUGV +LJK F\FOH IDWLJXH &ULWHULRQ 0XOWLD[LDO (QHUJ\ *UDGLHQW 9ROXPH
 ,QWURGXFWLRQ
0DQ\ KLJKF\FOH PXOWLD[LDO IDWLJXH FULWHULD DUH SUR
SRVHG LQ WKH OLWHUDWXUH IRU PHWDOV )RXU FDWHJRULHV RI
IDWLJXH FULWHULD FDQ EH GLVWLQJXLVKHG )LUVW XQWLO WKH HQG
RI WKH ILIWLH VHYHUDO HPSLULFDO IRUPXODH ZHUH SURSRVHG
WR V\QWKHVL]H PDQ\ IDWLJXH GDWD +DLJK *HUEHU 0DULQ
*RXJK DQG 3ROODUG HWF  6HFRQG IURP WKH REVHUYDWLRQ
WKDW DIWHU QXFOHDWLRQ D PLFURFUDFN SURSDJDWHV ILUV DORQJ
D VKHDU SODQH PDQ\ DXWKRUV DVVXPHG WKDW FUDFN LQLWLDWLRQ
LV JRYHUQHG E\ WKH VKHDU VWUHVV 0F'LDUPLG )LQGOH\ RU
E\ WKH VHFRQG LQYDULDQW RI WKH GHYLDWRULF VWUHVV WHQVRU
6LQHV &URVVODQG 7KLUG DIWHU WKH FULWHULRQ SURSRVHG E\
'DQJ 9DQ >@ RWKHU PLFUR±PDFUR DSSURDFKHV DSSHDUHG
3DSDGRSRXORV 'HSHUURLV 0RUHO 7KH\ FRQVLGHU WKDW
HODVWLF VKDNHGRZQ LV WKH FRQGLWLRQ QHHGHG WR DYRLG
IDWLJXH FUDFN LQLWLDWLRQ LQ XQIDYRUDEO\ RULHQWHG JUDLQV
)DWLJXH FUDFN LQLWLDWLRQ LQ SRO\FU\VWDOOLQH PHWDO LV
GHWHUPLQHG IURP WKH FULWLFDO SODQH FRQWDLQLQJ WKH HDVLHVW
∗ &RUUHVSRQGLQJ DXWKRU
(PDLO DGGUHVV WKLHUU\SDOLQOXF#ODPHIERUGHDX[HQVDPIU 7
3DOLQ/XF
VOLS GLUHFWLRQV RI WKH JUDLQ DQG H[SHULHQFLQJ WKH ODUJHVW
VKHDU VWUDLQ DPSOLWXGH )LQDOO\ VRPH IDWLJXH FULWHULD DUH
EDVHG RQ JOREDO HQHUJ\ TXDQWLWLHV HODVWLF SODVWLF RU WRWDO
VWUDLQ HQHUJ\ GHQVLW\ 7KHVH DSSURDFKHV GR QRW SUHGLFW
FUDFN RULHQWDWLRQ EXW WKH FRPSXWDWLRQ WLPH RI VXFK D
PRGHO LV VKRUWHU WKDQ IRU FULWLFDO SODQH FULWHULD $OO WKH
DERYH SURSRVDOV DUH EDVHG RQ WKH VWUHVV RU VWUDLQ WHQVRU
DW D FULWLFDO SRLQW DQG QRQH RI WKHP LV DEOH WR SUHGLFW WKH
VWUHVV JUDGLHQW DQG VL]H HIIHFWV QRU WKH ORDG W\SH HIIHFW
HQGXUDQFH OLPLW LQ WHQVLRQ LV QRW WKH VDPH DV LQ EHQGLQJ
>@ )XUWKHUPRUH WKH PDFKLQLQJ SURFHVV DOVR KDV DQ
LPSRUWDQW HIIHFW RQ IDWLJXH VWUHQJWK EHFDXVH IDWLJXH
FUDFN QXFOHDWLRQ GHSHQGV RQ WKH ILQLVKLQ VWDWH RI WKH
FRPSRQHQW VXUIDFH JULQGLQJ SROLVKLQJ HWF LQ WKLV
SDSHU WKLV ³WHFKQRORJLFDO HIIHFW´ LV QRW FRQVLGHUHG 7KH
VXUIDFH OD\HU DQG URXJKQHVV RI ERWK VSHFLPHQ DQG
FRPSRQHQW ZLWK UHVLGXDO VWUHVVHV LI DQ\ DUH SUHVXPHG
WR EH LGHQWLFDO
+RZHYHU D UHOLDEOH GHVLJQ RI FRPSRQHQWV DJDLQVW
KLJKF\FOH PXOWLD[LDO IDWLJXH LV VWLOO YHU\ GLIILFXO IRU
HQJLQHHUV EHFDXVH WKH WUDQVIHU RI IDWLJXH GDWD IURP VSHFL
PHQV WR LQGXVWULDO SDUWV FDQQRW EH GRQH ZLWKRXW FRQVLGHU
LQJ WKH SUHYLRXV HIIHFWV >@ %\ DQDO\]LQJ IDWLJXH GDWD
IURP 3RJRUHWVNLL DQG .DUSHQNR >@ DQG IURP 3KLOOLSV
1RPHQFODWXUH
G7 WULD[LDOLW\ GHJUHH RI VWUHVVHV

Q YHFWRU QRUPDO WR D PDWHULDO SODQH
U UDGLXV LQ F\OLQGULFDO FRRUGLQDWHV
W WLPH
$ IUDFWXUH HORQJDWLRQ LQ WHQVLRQ
&L IDWLJXH FULWLFDO SRLQW
( <RXQJ PRGXOXV
)G7b FRUUHFWLRQ IXQFWLRQ GHSHQGLQJ RQ WKH WULD[LDOLW\ GHJUHH RI VWUHVVHV
5 VSHFLPHQ UDGLXV
5s ORDG UDWLR sPLQsPD[
5(3 UHODWLYH HUURU RI SUHGLFWLRQ
5P PD[LPXP WHQVLOH VWUHQJWK
60W GHYLDWRULF SDUW RI WKH VWUHVV WHQVRU DW SRLQW 0 IXQFWLRQ RI WLPH
7 ORDGLQJ SHULRG
9∗ YROXPH LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ
:J VWUDLQ ZRUN GHQVLW\ JLYHQ WR WKH PDWHULDO RQ D ORDGLQJ SHULRG
:∗J WKUHVKROG YDOXH RI :J FRUUHVSRQGLQJ WR s∗
b PDWHULDO SDUDPHWHU RI WKH YROXPHWULF HQHUJ\ EDVHG SURSRVDO
e0W VWUDLQ WHQVRU DW SRLQW 0 IXQFWLRQ RI WLPH
Y 3RLVVRQ UDWLR
J PHDQ YDOXH RYHU 9∗ RI WKH GDPDJLQJ SDUW RI :J
'J YDOXH RI J DW WKH HQGXUDQFH OLPLW
J7HQ H[SUHVVLRQ RI J LQ WHQVLRQ
J5RW%HQ H[SUHVVLRQ RI J LQ URWDWLQJ EHQGLQJ
J3% H[SUHVVLRQ RI J LQ SODQH EHQGLQJ
sD QRUPDO VWUHVV DPSOLWXGH
sHT 9RQ 0LVHV HTXLYDOHQW VWUHVV
s+ K\GURVWDWLF VWUHVV
sĀ PHDQ QRUPDO VWUHVV
s∗ WKUHVKROG VWUHVV EHORZ ZKLFK WKHUH LV QR PLFUR GDPDJH LQLWLDWLRQ
s'7HQ IXOO\ UHYHUVHG HQGXUDQFH OLPLW LQ WHQVLRQ
s'5RW%HQ IXOO\ UHYHUVHG HQGXUDQFH OLPLW LQ URWDWLQJ EHQGLQJ
s'3%HQ IXOO\ UHYHUVHG HQGXUDQFH OLPLW LQ SODQH EHQGLQJ
s< \LHOG VWUHVV LQ WHQVLRQ
tD VKHDU VWUHVV DPSOLWXGH
tĀ PHDQ VKHDU VWUHVV
t' IXOO\ UHYHUVHG HQGXUDQFH OLPLW LQ WRUVLRQ
t< \LHOG VWUHVV LQ WRUVLRQ
f SKDVH VKLIW IRU FRPELQHG ORDGLQJ
0W VWUHVV WHQVRU DW SRLQW 0 IXQFWLRQ RI WLPH
DQG +H\ZRRG >@ 3DSDGRSRXORV HW DO VKRZ WKDW WKH SXUH
JUDGLHQW HIIHFW LH WKH YROXPHWULF VWUHVV GLVWULEXWLRQ
HIIHFW LV PRUH LPSRUWDQW WKDQ WKH SXUH VL]H HIIHFW >@
0RUHRYHU LW LV QRW HQRXJK WR FKDUDFWHUL]H D QRWFK ZLWK
WKH WKHRUHWLFDO VWUHVV FRQFHQWUDWLRQ IDFWRU .W >@ DQG WKH
IDWLJXH QRWFK IDFWRU .I )RU WZR FRPSRQHQWV ZLWK GLIIHU
HQW JHRPHWULHV WKHVH IDFWRUV FDQ EH WKH VDPH HYHQ LI
H[SHULPHQWDO IDWLJXH OLPLWV DUH GLIIHUHQW >@ $OO WKH SUH
YLRXV IDWLJXH FULWHULD GR QRW SUHGLFW WKH SXUH JUDGLHQW
HIIHFW EHFDXVH WKH\ RQO\ FRQVLGHU VWUHVV DQG VWUDLQ WHQ
VRUV DW WKH FULWLFDO SRLQW 7KLV LV WKH UHDVRQ ZK\ IURP
DERXW WZHQW\ \HDUV DJR D IHZ IDWLJXH FULWHULD DLP WR
PRGHO WKH JUDGLHQW HIIHFW WKH FULWLFDO OD\HU RI )ODYHQRW
DQG 6NDOO\ >@ WKH 3DSDGRSRXORV JUDGLHQW GHSHQGHQW
IDWLJXH FULWHULRQ >@ WKH HIIHFWLYH GLVWDQFH RI 3OXYLQDJH
>@ WKH PD[LPXP VWUHVVHG±VWUDLQHG YROXPH RI 6RQ
VLQR >@  WKH YROXPH LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ
SURSRVHG E\ 3DOLQ/XF DQG /DVVHUUH >@ DQG WKH 5REHUW
HW DO JUDGLHQW GHSHQGHQW FULWHULRQ >@ $Q LQWHUHVWLQJ
OLWHUDWXUH UHYLHZ RI VXFK PRGHOV LV SUHVHQWHG LQ >@
:LWK D PRUH JHQHUDO SRLQW RI YLHZ RXWVLGH WKH I HOG RI
IDWLJXH UHVHDUFK PDQ\ QRQORFDO IDLOXUH FULWHULD H[LVW
6HZHU\Q DQG 0UR] >@ .HQQHG\ DQG 1DKDQ >@
7KLV SDSHU SUHVHQWV DQ HYROXWLRQ RI WKH HQHUJ\ EDVHG
YROXPHWULF IDWLJXH FULWHULRQ SURSRVHG E\ 3DOLQ/XF DQG
/DVVHUUH >@ 7KH WKUHVKROG VWUHVV GHI QLQJ WKH YROXPH
LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ LV GLVFXVVHG DQG WKH
SUHGLFWLRQV DUH DQDO\]HG IRU SURSRUWLRQDO DQG QRQSUR
SRUWLRQDO F\FOLF ORDGLQJV ZLWK RU ZLWKRXW PHDQ VWUHVVHV
7KH SUHGLFWLRQV RI WKLV SURSRVDO DUH SUHVHQWHG DQG FRP
SDUHG WR H[SHULPHQWV DQG WR WKH SUHGLFWLRQV FDOFXODWHG
ZLWK VRPH ORFDO FULWHULD $OO WKH IDWLJXH FULWHULD SUHGLFW
WKH IDWLJXH VWUHQJWK FRUUHVSRQGLQJ WR IDWLJXH FUDFN
LQLWLDWLRQ ,Q H[SHULPHQWV WKH VL]H RI WKH QXFOHDWHG
IDWLJXH FUDFN LV WKDW ZKLFK D IDWLJXH WHVWLQJ PDFKLQH FDQ
DXWRPDWLFDOO\ GHWHFW E\ PRQLWRULQJ WKH VSHFLPHQ VWLII
QHVV GHFUHDVLQJ DERXW ± PP LQ GHSWK FUDFN SURSD
JDWLRQ LV QRW FRQVLGHUHG KHUHDIWHU
 3URSRVHG QRQORFDO FULWHULRQ
,Q  IURP H[SHULPHQWV RQ D VSKHURLGDO JUDSKLWH
FDVW LURQ 3DOLQ/XF DQG /DVVHUUH >@ VKRZHG WKDW D QHZ
OLPLW s∗ FDQ EH GHI QHG EHORZ WKH XVXDO HQGXUDQFH OLPLW
s' $W D FRQVLGHUHG SRLQW D VWUHVV DPSOLWXGH EHORZ WKLV
QHZ OLPLW GRHV QRW LQLWLDWH REVHUYDEOH GDPDJH DW WKH
PLFURVFDOH QR PLFURFUDFN %HWZHHQ s∗ DQG s' D
VWUHVV DPSOLWXGH RQO\ FRQWULEXWHV WR PLFURGDPDJH
LQLWLDWLRQ ZKLFK FRXOG GHYHORS LI HLWKHU QHDU WKLV SRLQW
RU LQ WKH FRXUVH RI WLPH WKHUH LV D VWUHVV DPSOLWXGH KLJKHU
WKDQ WKH HQGXUDQFH OLPLW 7KH XVXDO HQGXUDQFH OLPLW LV D
OLPLW RI QR GDPDJH SURSDJDWLRQ EXW LV QRW D OLPLW RI QR
GDPDJH LQLWLDWLRQ DW WKH PLFURVFDOH 6HYHUDO ZRUNV
SURYHG WKDW PLFURFUDFNV FRXOG LQLWLDWH EXW QRW SURSDJDWH
WR PDFURFUDFNV RQ D VSHFLPHQ ORDGHG DW LWV HQGXUDQFH
OLPLW 7KLV VWUHVV OLPLW s∗ FDQ EH HVWLPDWHG >@ IURP
IDWLJXH WHVW UHVXOWV LQ IXOO\ UHYHUVHG WHQVLRQ DQG LQ URWDW
LQJ EHQGLQJ E\ (T 
s∗  s'7HQs'5RW%HQG  
%\ XVLQJ WKLV WKUHVKROG VWUHVV 3DOLQ/XF DQG /DVVHUUH >@
SURSRVHG D YROXPHWULF HQHUJ\ EDVHG KLJKF\FOH PXOWLD[
LDO IDWLJXH FULWHULRQ ZKLFK LV UHVWULFWHG WR IXOO\ UHYHUVHG
ORDGLQJV ,W DOVR KDV WKH PDLQ GUDZEDFN RI EHLQJ ORDG
VKDSH GHSHQGHQW IRU XQLD[LDO ORDGLQJ VLQXV WULDQJOH
VTXDUH 7KLV LV QRW LQ DJUHHPHQW ZLWK WKH IDWLJXH GDWD
RI 0LHONH >@ DQG 'LHWPDQQ HW DO >@
7R DYRLG WKHVH ODFNV ZH SURSRVH QRZ WR FRQVLGHU DV
GDPDJH SDUDPHWHU WKH VWUDLQ ZRUN GHQVLW\ JLYHQ WR HDFK
HOHPHQWDU\ YROXPH RI PDWHULDO SHU ORDGLQJ F\FOH :J 
7KLV DVVXPSWLRQ LV EDVHG RQ WKH K\SRWKHVLV LQ DJUHH
PHQW ZLWK WKHUPRG\QDPLFV >@ WKDW PLFURGDPDJH FDQ
QRW LQLWLDWH DQG JURZ IURP PLFURVFDOH WR PDFURVFDOH
ZLWKRXW JLYLQJ D VWUDLQ ZRUN WR HDFK HOHPHQWDU\ YROXPH
RI PDWHULDO >@
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ZKHUH  D   D LI D   DQG  D   LI D  
7KLV SDUDPHWHU LV HTXDO WR WKH LQWHJUDO RYHU D ORDGLQJ
F\FOH RI SHULRG 7 RI WKH SRVLWLYH SDUW RI WKH VWUDLQ
SRZHU GHQVLW\ ,W LV DOVR HTXDO WR WKH VXP RI WKH SRVLWLYH
YDULDWLRQV RI WKH VWUDLQ HQHUJ\ GHQVLW\ RYHU WKH ORDGLQJ
SHULRG 7 )LJ  :J LV FDOFXODWHG ZLWK WKH HODVWLF VWUDLQV
DIWHU HODVWLF VKDNHGRZQ RI WKH PDWHULDO $W WKH HQGXUDQFH
OLPLW WKH VWUHVVHV DUH ORZ HQRXJK WR FRQVLGHU WKDW WKH
PDWHULDO UHPDLQV HODVWLF DW WKH PDFURVFRSLF VFDOH >@
DIWHU HODVWLF VKDNHGRZQ ,W KDV WR EH QRWLFHG WKDW IRU D
XQLD[LDO VWUHVV VWDWH :J LV QRW GHSHQGHQW RQ WKH ORDGLQJ
VKDSH VLQXV WULDQJOH VTXDUH HWF  DQG LV PHDQ VWUHVV
GHSHQGHQW 7KLV ZLOO EH GLVFXVVHG ODWHU
,Q )LJ  EHWZHHQ W   DQG W D ZRUN LV JLYHQ WR WKH
PDWHULDO LQ WHQVLRQ EHWZHHQ W DQG W WKH PDWHULDO FRPHV
EDFN WR DQ HTXLOLEULXP VWDWH XQORDGHG EHWZHHQ W DQG
W D ZRUN LV JLYHQ LQ FRPSUHVVLRQ I QDOO\ EHWZHHQ W
DQG W WKH PDWHULDO FRPHV EDFN WR DQ XQORDGHG VWDWH 1RWH
WKDW WKH VWUDLQZRUN GHQVLW\ JLYHQ E\ HDFK VWUHVV DQG
VWUDLQ LV VXPPHG LQGHSHQGHQWO\ IRU LQVWDQFH LQ FRP
ELQHG WHQVLRQ DQG WRUVLRQ WKH ZRUN JLYHQ E\ s[[ LV
VXPPHG ZLWK WKH ZRUN JLYHQ E\ t[\ LQ (T  3L3M
 sLM0WeÚHLM0W 	 sLM0WeÚHLM0W   7R LOOXV
WUDWH WKLV OHW XV FRQVLGHU D IXOO\ UHYHUVHG FRPELQHG WHQ
VLRQ RU EHQGLQJ DQG WRUVLRQ RXWRISKDVH VLQXVRLGDO
IDWLJXH WHVW ZLWK D SKDVH VKLIW RI o VR WKDW WKH UDWLR
EHWZHHQ WKH QRUPDO VWUHVV DPSOLWXGH sD DQG WKH VKHDU
VWUHVV DPSOLWXGH tD LV sD tD    Y ZKHUH n LV WKH
3RLVVRQ UDWLR7KH QRQQXOO WHUPV RI WKH WHQVRU RI VWUHVVHV
DUH sW  sD VLQwW DQG sW  tDVLQwW  p  )RU
VXFK D WHVW LOOXVWUDWHG LQ )LJ $ IRU sD  
  Y 03D DQG tD   03D ZLWK D OLQHDU HODVWLF
LVRWURSLF PDWHULDO WKH SRWHQWLDO VWUDLQ HQHUJ\ GHQVLW\ LV
FRQVWDQW sLMWeLMW     YtD ( DV VKRZQ LQ )LJ
% 7KLV LV GXH WR WKH IDFW WKDW GXULQJ WKH WLPH LQWHUYDO
ZKHQ D ZRUN LV JLYHQ WR WKH PDWHULDO LQ WHQVLRQ WKH VWUDLQ
HQHUJ\ GXH WR WRUVLRQ LV UHOHDVHG DQG YLFH YHUVD )LJ
% %XW LI \RX FRPSXWH GXULQJ D ORDGLQJ SHULRG WKH
VWUDLQ SRZHU GHQVLW\ GXH WR WHQVLRQ sWeÚW DQG WKH
FRUUHVSRQGLQJ SDUW GXH WR WRUVLRQ sWeÚW \RX FDQ
VHH LQ )LJ & WKDW WKHVH TXDQWLWLHV DUH QRW FRQVWDQW
6LQFH ZH DVVXPH WKDW D VWUDLQ ZRUN KDV WR EH JLYHQ WR
HDFK HOHPHQWDU\ YROXPH RI PDWHULDO WR FUHDWH GDPDJH
WKH VWUDLQ ZRUN GHQVLW\ JLYHQ WR WKH PDWHULDO GXH WR EHQG
LQJ KDV WR EH VXPPHG ZLWK WKH VWUDLQ ZRUN GHQVLW\ JLYHQ
WR WKH PDWHULDO GXH WR WRUVLRQ 7KLV FRUUHVSRQGV WR WKH
GDVKHG DUHD RI WKH FXUYH VWUDLQ SRZHU GHQVLW\ YHUVXV
WLPH LQ )LJ &
)LJ  9ROXPHWULF GHQVLW\ RI WKH HODVWLF VWUDLQ ZRUN DQG VWUDLQ SRZHU JLYHQ WR WKH VSHFLPHQ RQ D ORDGLQJ SHULRG 7 LQ IXOO\ UHYHUVHG WHQVLRQ
)LJ  (YROXWLRQ YHUVXV WLPH RI WKH VWUHVVHV $ WKH SRWHQWLDO VWUDLQ HQHUJ\ GHQVLW\ % DQG WKH VWUDLQ SRZHU GHQVLW\ & IRU D IXOO\ UHYHUVHG
FRPELQHG WHQVLRQ DQG WRUVLRQ RXWRISKDVH VLQXVRLGDO IDWLJXH WHVW ZLWK D SKDVH VKLIW RI o VR WKDW WKH UDWLR EHWZHHQ WKH QRUPDO VWUHVV DPSOLWXGH
sD DQG WKH VKHDU VWUHVV DPSOLWXGH tD LV sD tD    Y
 5HPDUN DERXW WKH )LQGOH\¶V H[SHULPHQW
$ ZHOO NQRZQ SDSHU E\ )LQGOH\ >@ LV RIWHQ TXRWHG
LQ D ZD\ WR GHEDWH HQHUJ\ EDVHG DSSURDFKHV LQ IDWLJXH
7KLV LVVXH SUHVHQWV IDWLJXH WHVWV FDUULHG RXW RQ D URWDWLQJ
GLVN ORDGHG LQ WZR SHUSHQGLFXODU GLDPHWHUV E\ UROOHUV
$W WKH FHQWHU RI WKH GLVN D F\FOLF ELD[LDO VWUHVV VWDWH LV
LPSRVHG ZKHUH WKH QRQQXOO FRPSRQHQWV RI WKH WHQVRU
RI VWUHVVHV FDQ EH ZULWWHQ DV >@ sW  s VLQ
wW  s s W  s VLQ wW  p  s s
W  s VLQ wW  p  ZKHUH s LV D FRQVWDQW SUR
SRUWLRQDO WR WKH ORDG 7KH DPSOLWXGH RI WKH SULQFLSDO
VWUHVVHV LV FRQVWDQW EXW WKH SULQFLSDO VWUHVV GLUHFWLRQV DUH
URWDWLQJ FRPSDUHG ZLWK WKH D[HV 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 OLQNHG WR WKH
VSHFLPHQ %\ FDOFXODWLQJ WKH WLPH HYROXWLRQ RI WKH
SRWHQWLDO VWUDLQ HQHUJ\ GHQVLW\
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sLMWeLMW DW WKH FHQWHU
RI WKH GLVN ZKHUH FUDFN DSSHDUHG WKH DXWKRU UHPDUNHG
WKDW WKLV YDULDEOH LV FRQVWDQW GXULQJ D ORDG SHULRG WKRXJK
WKH ORDG LV F\FOLF ,QGHHG LQ WKLV FDVH IRU DQ LVRWURSLF
PDWHULDO ZLWK D OLQHDU HODVWLF EHKDYLRXU

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>  Ys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Y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@ 6LQFH D TXDVLVWDWLF
WHQVLRQ WHVW FDQ JHQHUDWH WKH VDPH VWUDLQ HQHUJ\ GHQVLW\
ZLWKRXW IDWLJXH FUDFN LQLWLDWLRQ )LQGOH\ FRQFOXGHG WKDW
WKLV YDULDEOH FDQQRW EH XVHG DV D GDPDJH SDUDPHWHU LQ
D IDWLJXH FULWHULRQ IRU FRPELQHG ORDGLQJV
%XW LW KDV WR EH SRLQWHG RXW WKDW )LQGOH\ FRPSXWHG WKH
SRWHQWLDO VWUDLQ HQHUJ\ GHQVLW\ DQG QRW WKH VWUDLQ ZRUN
GHQVLW\ JLYHQ SHU F\FOH WR WKH PDWHULDO $V SUHYLRXVO\
H[SODLQHG WKLV ZRUN LV HTXDO WR WKH SRVLWLYH YDULDWLRQ RI
WKH VWUDLQ HQHUJ\ GHQVLW\ RYHU D ORDGLQJ SHULRG )RU WKH
VWUHVV VWDWH RI WKH )LQGOH\¶V H[SHULPHQW WKH VWUDLQ SRZHU
GHQVLWLHV FRUUHVSRQGLQJ WR HDFK VWUHVV DQG VWUDLQ WHUP
RI WKH WHQVRU RI VWUHVVHV DQG VWUDLQV DUH QRW FRQVWDQW DV
LOOXVWUDWHG LQ )LJ  H[DPSOH ZLWK (   *3D n 
 DQG s   03D 7KLV VKRZV WKDW HYHQ LI WKH SRWHQ
WLDO VWUDLQ HQHUJ\ GHQVLW\ LV FRQVWDQW VRPH VWUDLQ ZRUN LV
JLYHQ WR WKH PDWHULDO LW LV LPSRVVLEOH WR FUHDWH VWUHVVHV
DQG VWUDLQV ZLWKRXW JLYLQJ D ZRUN WR WKH PDWHULDO
$V SURSRVHG E\ VHSDUDWLQJ WKH VWUDLQ ZRUNV JLYHQ E\
HDFK WHUP RI WKH VWUHVV WHQVRU D QRQQXOO VWUDLQ ZRUN
GHQVLW\ JLYHQ WR WKH PDWHULDO FDQ EH DOZD\V FDOFXODWHG
IRU D F\FOLF ORDG ,Q D VLPLODU ZD\ 3DUN DQG 1HOVRQ >@
VKRZ WKDW WKH GLVWRUVLRQ ZRUN LV QRW QXOO IRU WKH )LQG
OH\ H[SHULPHQWV
 9ROXPH LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ
$V H[SODLQHG EHIRUH IDWLJXH WHVWV LQ EORFNV FDUULHG RXW
RQ VPRRWK VSHFLPHQV LQ VSKHURLGDO JUDSKLWH 6* FDVW
LURQ LQ IXOO\ UHYHUVHG SODQH EHQGLQJ DQG WRUVLRQ >@
SURYH WKDW EORFNV ZLWK D VWUHVV DPSOLWXGH EHORZ WKH FRQ
YHQWLRQDO HQGXUDQFH OLPLW DQG DERYH D WKUHVKROG VWUHVV
)LJ  (YROXWLRQ RI WKH GLIIHUHQW SRZHU VWUDLQ HQHUJ\ GHQVLWLHV
seÚ seÚ seÚ FRUUHVSRQGLQJ WR HDFK QRQQXO SURGXFWV sLMeÚLM
YHUVXV WLPH GXULQJ D ORDGLQJ SHULRG RI WKH )LQGOH\¶V H[SHULPHQWV
DPSOLWXGH QRWHG s∗ SDUWLFLSDWH LQ GDPDJH 6(0 REVHU
YDWLRQV RI D VSHFLPHQ ORDGHG DW D VWUHVV OHYHO KLJKHU WKDQ
WKLV OLPLW VKRZ TXLFN PLFURFUDFN LQLWLDWLRQ ZKLFK GRHV
QRW SURSDJDWH LI WKH VWUHVV DPSOLWXGH VWD\V EHORZ WKH
XVXDO HQGXUDQFH OLPLW 0RUH UHFHQWO\ VLQXVRLGDO SODQH
EHQGLQJ IDWLJXH WHVWV ZHUH FDUULHG RXW RQ VSHFLPHQV ZLWK
D VTXDUH FURVVVHFWLRQ PDGH LQ WKH VDPH PDWHULDO 6(0
REVHUYDWLRQV RI WKH VSHFLPHQ¶V ODWHUDO IDFHV ZKHUH WKHUH
LV D VWUHVV JUDGLHQW VKRZ PLFURGDPDJHG DUHDV 0LFUR
FUDFNV ZHUH REVHUYHG LQ DUHDV ORDGHG DW VWUHVV OHYHOV
DERYH D WKUHVKROG VWUHVV ZKLFK FRUUHVSRQGV ZHOO WR WKH
WKUHVKROG LGHQWLI HG IURP H[SHULPHQWV E\ EORFNV s∗ >@
7KHQ WKHVH REVHUYDWLRQV VKRZ WKDW WKHUH LV D PLFURGDP
DJHG YROXPH DURXQG WKH IDWLJXH FULWLFDO SRLQW :LWK WKH
K\SRWKHVLV WKDW DOO WKLV GDPDJHG YROXPH QRWHG 9∗ SDU
WLFLSDWHV LQ PDFURFUDFN LQLWLDWLRQ HQJLQHHU VFDOH D FUL
WHULRQ KDV WR WDNH LQWR DFFRXQW VWUHVV DQG VWUDLQ GLVWUL
EXWLRQ LQVLGH WKLV YROXPH
$V SURSRVHG E\ 3DOLQ/XF DQG /DVVHUUH >@ ZH FRQ
VLGHU D YROXPH LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ 9∗ WR
SUHGLFW WKH HIIHFWV RQ WKH IDWLJXH VWUHQJWK RI WKH VWUHVV±
VWUDLQ GLVWULEXWLRQ LQVLGH WKH FRPSRQHQW )RU D IXOO\
UHYHUVHG XQLD[LDO VWUHVV VWDWH WKLV YROXPH LV GHI QHG E\
WKH VHW RI SRLQWV ORDGHG E\ D VWUHVV DPSOLWXGH KLJKHU WKDQ
D PDWHULDO GHSHQGHQW WKUHVKROG VWUHVV s∗ )RU IXOO\
UHYHUVHG VLQXVRLGDO ORDG :J LV SURSRUWLRQDO WR WKH PHDQ
YDOXH RI WKH VWUDLQ HQHUJ\ GHQVLW\ :D >@ 7KH WKUHVKROG
ZRUN :∗J FRUUHVSRQGLQJ WR WKH VWUHVV OLPLW s∗ LV GHI QHG
7KH VWUHVV±VWUDLQ GLVWULEXWLRQ HIIHFW LV WDNHQ LQWR DFFRXQW
E\ FRPSXWLQJ WKH PHDQ YDOXH J RYHU WKH YROXPH
9∗  RI WKH VWUDLQ ZRUN JLYHQ WR WKH PDWHULDO
H[FHHGLQJ WKH WKUHVKROG :∗J  7KLV LV WKH GDPDJLQJ SDUW
RI WKH VWUDLQ ZRUN GHQVLW\ JLYHQ SHU F\FOH WR WKH VSHFL
 ([FHSW IRU RXW RI SKDVH ELD[LDO SXVK±SXOO ORDGV
PHQ  DURXQG WKH FULWLFDO SRLQW &L ZKHUH :J KDV D
ORFDO PD[LPXP LQ WKH VWUXFWXUH 7KH IDWLJXH FULWHULRQ LV
WKHQ H[SUHVVHG E\ (T  ZKHUH 'J &L LV WKH YDOXH RI
J&L DW WKH HQGXUDQFH OLPLW
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 8QLD[LDO VWUHVV VWDWHV
)RU XQLD[LDO VWUHVV VWDWHV WKH K\SRWKHVLV WKDW DW WKH
HQGXUDQFH OLPLW 'JXQLD[ LV FRQVWDQW ZKDWHYHU WKH ORDGLQJ
WHQVLRQ URWDWLQJ EHQGLQJ SODQH EHQGLQJ 'JXQLD[ 
'J7HQ  'J5RW%HQ  'J3% JLYHV WKH UHODWLRQV QHHGHG WR
LGHQWLI\ WKH WKUHVKROGV s∗ DQG :∗J IURP ERWK WKH IXOO\
UHYHUVHG HQGXUDQFH OLPLWV LQ WHQVLRQ DQG URWDWLQJ EHQG
LQJ RQ VPRRWK VSHFLPHQV  7KHVH WZR ORDGLQJV DUH
FKRVHQ DV UHIHUHQFH EHFDXVH RI WKH VDPH :J GLVWULEXWLRQV
RQ WKH FURVVVHFWLRQ H[FHSW DORQJ WKH VSHFLPHQ UDGLXV
$V WKHUH LV QR VWUHVV JUDGLHQW DORQJ WKH ORQJLWXGLQDO D[LV
RI D F\OLQGULFDO VPRRWK VSHFLPHQ WKH YROXPH 9∗ FDQ
EH UHGXFHG WR D VXUIDFH 6∗ LQVLGH WKH FURVV VHFWLRQ RI
WKH VSHFLPHQ )LJ  (T  DSSOLHG WR WKH IXOO\
UHYHUVHG WHQVLRQ ORDGLQJ EHFRPHV (T  6∗ LV DOO WKH
FURVVVHFWLRQ VLQFH DOO WKH SRLQWV DUH ORDGHG DW WKH VDPH
VWUHVV OHYHO
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,Q IRXU SRLQW URWDWLQJ EHQGLQJ 6∗ LV D FURZQ EHWZHHQ
)LJ  'LVWULEXWLRQ RI WKH YROXPHWULF GHQVLW\ RI WKH VWUDLQ ZRUN JLYHQ SHU F\FOH RQ WKH FURVV VHFWLRQ RI D VPRRWK F\OLQGULFDO VSHFLPHQ LQ WHQVLRQ
URWDWLQJ EHQGLQJ DQG SODQH EHQGLQJ
WKH UDGLXV U∗ RI WKH FLUFOH UHSUHVHQWLQJ WKH LVR:∗J OLQH
DQG WKH VSHFLPHQ UDGLXV 5 (T  DSSOLHG WR WKLV FDVH
EHFRPHV (T  ZKHUH 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s∗ s'5RW%HQ
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)URP (TV  DQG 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 WKH PDWHULDO SDUDPHWHUV :∗J DQG
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ZKHUH s'7HQ DQG s'5RW%HQ DUH WKH HQGXUDQFH OLPLWV LQ
IXOO\ UHYHUVHG WHQVLRQ DQG URWDWLQJ EHQGLQJ RQ D
VPRRWK VSHFLPHQ
$W WKH SUHVHQW VWDJH RI WKH PRGHO GHYHORSPHQW LW LV
DVVXPHG WKDW WKH WKUHVKROG ZRUN :∗J GRHV QRW GHSHQG RQ
WKH PHDQ VWUHVVHV 7KHQ WKH YDOXH RI'JXQLD[ LV H[SUHVVHG
DV IROORZV
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7KH HQGXUDQFH OLPLW FDQ WKHQ EH SUHGLFWHG IRU D F\OLQ
GULFDO VSHFLPHQ ORDGHG LQ IRXUSRLQW SODQH EHQGLQJ 2QO\
WZR SRLQWV DUH FULWLFDO RQ WKH VSHFLPHQ FURVVVHFWLRQ
ZKHUH WKH GLVWULEXWLRQ RI WKH HODVWLF VWUDLQ ZRUN JLYHQ
SHU F\FOH LV:J3O%HQ0 
s3O%HQ&L
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7KH LVR±:∗J OLQHV DUH GHI QHG E\ WKH GLVWDQFH \∗ IURP
WKH QHXWUDO I EHU 2

[ 7KH VXUIDFH 6∗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 DURXQG WKH
WZR FULWLFDO SRLQWV &L LV LOOXVWUDWHG E\ )LJ  DQG GHI QHG
E\ (T  ZKHUH a  DUFVLQ \∗5 
)LJ  6XUIDFHV 6∗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 RQ WKH FURVVVHFWLRQ RI D VPRRWK
VSHFLPHQ ORDGHG LQ IRXU SRLQW SODQH EHQGLQJ
\∗5   s3O%HQ&Ls∗ DQG
6∗&L  p\∗FRVa5 a5 

7KHQ WKH HQGXUDQFH OLPLW s'3O%HQ LV WKH VROXWLRQ RI HTX
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 'JXQLD[ ZLWK
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 0XOWLD[LDO VWUHVV VWDWHV
)DWLJXH FUDFN LQLWLDWLRQ GHSHQGV RQ WKH WULD[LOLW\ RI
VWUHVVHV ,QGHHG WKH HQGXUDQFH OLPLW LQ WHQVLRQ LV QRW WKH
VDPH DV LQ WRUVLRQ IRU LQVWDQFH )XUWKHUPRUH GHSHQGLQJ
RQ LWV GXFWLOLW\ HDFK PDWHULDO GRHV QRW KDYH WKH VDPH
VHQVLWLYLW\ WR WKH WULD[LDOLW\ RI VWUHVVHV 7KXV WKH PDWHULDO
VHQVLWLYLW\ WR WKH WULD[LDOLW\ RI VWUHVVHV LV WDNHQ LQWR
DFFRXQW LQ RXU SURSRVDO E\ XVLQJ WKH HPSLULFDO IXQFWLRQ
) SURSRVHG E\ )URXVWH\ HW DO >@ DQG DOUHDG\ XVHG E\
3DOLQ/XF DQG /DVVHUUH >@ 7KLV IXQFWLRQ LV GHI QHG E\
(T  ZKHUH G70 LV WKH WULD[LDOLW\ GHJUHH GHI QHG
E\ WKH UDWLR RI WKH VSKHULFDO SDUW RI WKH VWUDLQ ZRUN JLYHQ
WR WKH PDWHULDO :VJ RYHU :J  G7 YDULHV EHWZHHQ 
SXUH WRUVLRQ DQG  HTXLD[LDO WHQVLRQ RU FRPSUHVVLRQ
b LV D PDWHULDO SDUDPHWHU $V SURSRVHG E\ 3DOLQ/XF >@
WKLV IXQFWLRQ LV WKH UDWLR DW WKH HQGXUDQFH OLPLW RI WKH
VWUDLQ ZRUN YROXPHWULF GHQVLW\ JLYHQ WR WKH PDWHULDO
ZKDWHYHU WKH ORDG LV :'J  RYHU WKH VDPH YDOXH LQ IXOO\
UHYHUVHG WRUVLRQ :'J7RUV
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7KH PDWHULDO SDUDPHWHU b FDQ EH LGHQWLI HG IURP WZR
HQGXUDQFH OLPLWV XQGHU ORDGV JHQHUDWLQJ WZR GLIIHUHQW
VWUHVV VWDWHV 7KH IXOO\ UHYHUVHG HQGXUDQFH OLPLWV RQ
VPRRWK F\OLQGULFDO VSHFLPHQ LQ IRXU SRLQW URWDWLQJ EHQG
LQJ s'5RW%HQ DQG LQ WRUVLRQ t' DUH UHFRPPHQGHG
EHFDXVH IRU ERWK WKHVH ORDGV WKHUH LV RQO\ D VWUHVV JUDGL
HQW DORQJ WKH UDGLXV RI WKH VSHFLPHQ )URP (T  IRU
WKHVH WZR ORDGLQJV b LV VROXWLRQ RI (T  ZKHUH n LV
WKH 3RLVVRQ UDWLR RI WKH PDWHULDO
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)RU D YHU\ GXFWLOH PDWHULDO b LV DURXQG  &
DQQHDOHG VWHHO IRU LQVWDQFH IRU D EULWWOH RQH (1
*-6 6* FDVW LURQ b LV DURXQG  ,W KDV WR EH
QRWLFHG WKDW IRU D GXFWLOH PDWHULDO ) ZKDWHYHU WKH
GHJUHH RI WULD[LDOLW\ VR WKH UHODWLRQ EHWZHHQ WKH HQGXU
DQFH OLPLWV ZKLFK DUH SUHGLFWHG E\ WKH PRGHO LQ WRUVLRQ
DQG LQ URWDWLQJ EHQGLQJ LV FORVH WR WKH &(7,0 HPSLULFDO
SURSRVDO IRU VWHHOV >@ t' s s'5RW%HQ
%\ K\SRWKHVLV DQG DV XVHG E\ >@ WKLV IXQFWLRQ
)G7&Lb LV DOVR XVHG WR FRPSXWH WKH WKUHVKROG VWUDLQ
ZRUN :∗J IRU GLIIHUHQW WULD[LDOLW\ GHJUHHV )URP (T 
LW LV HDV\ WR VKRZ (T  ZKHUH G7XQLD[  Y  LV
WKH WULD[LDOLW\ GHJUHH IRU D XQLD[LDO VWUHVV VWDWH 7KH YRO
XPH LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ 9∗ LV WKXV
GHI QHG ZKDWHYHU WKH VWUHVV VWDWH LV DW WKH FULWLFDO SRLQW
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7KH FULWHULRQ FDQ WKHQ EH DSSOLHG ZKDWHYHU WKH VWUHVV
VWDWH LV E\ FRPSDULQJ WKH YDOXH RI J&L VHH (T 
DQG LWV SUHYLRXV OLPLW YDOXH IRU WKH FRUUHVSRQGLQJ WULD[LO
LW\ GHJUHH RI VWUHVVHV DW &L  )DWLJXH FUDFN LQLWLDWHV
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 &DVH VWXG\ H[DPSOH FRPELQHG WHQVLRQ DQG
WRUVLRQ RQ VPRRWK VSHFLPHQ
7R LOOXVWUDWH KRZ WR DSSO\ WKLV FULWHULRQ OHW XV VWXG\ D
FRPELQHG WHQVLRQ DQG WRUVLRQ IDWLJXH WHVW RQ D F\OLQGULFDO
VPRRWK VSHFLPHQ ZLWK PHDQ ORDGV LQ WHQVLRQ sĀ DQG LQ
WRUVLRQ tĀ VR WKDW sD  sĀ DQG tD  tĀ $W WKH SRLQW
0Uqf RQ D VSHFLPHQ FURVVVHFWLRQ WKH WHQVRU RI
VWUHVVHV LV JLYHQ E\ (T  LQ F\OLQGULFDO FRRUGLQDWHV
ZKHUH f LV WKH SKDVH VKLIW EHWZHHQ WKH VKHDU VWUHVV GXH
WR WRUVLRQ DQG WKH QRUPDO VWUHVV GXH WR WHQVLRQ 7KH GLV
WULEXWLRQ RI WKH VWUDLQ ZRUN GHQVLW\ JLYHQ WR WKH PDWHULDO
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
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,Q WKLV HTXDWLRQ 5 LV WKH UDGLXV RI WKH VSHFLPHQ DQG U
WKH UDGLXV DW SRLQW 0 &ULWLFDO SRLQWV &L DUH ORFDWHG DW
WKH FLUFXPIHUHQFH RI WKH VSHFLPHQ U  5 7KH VSKHUL
FDO SDUW RI WKH JLYHQ VWUDLQ ZRUN GHQVLW\ :VJ DW D FULWLFDO
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7KH WULD[LDOLW\ GHJUHH RI VWUHVVHV G77HQ  7R DW HDFK FULWL
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
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7KH HQHUJ\ EDVHG WKUHVKROG YDOXH :∗J7HQ  7R LV FDOFX
ODWHG IURP (T  DQG LV H[SUHVVHG LQ (T 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
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7KHQ WKH YROXPHWULF PHDQ YDOXH RI WKH GDPDJLQJ
VWUDLQ ZRUN JLYHQ WR WKH PDWHULDO LQ WKH YROXPH LQI XHQF
LQJ IDWLJXH FUDFN LQLWLDWLRQ DURXQG WKH FULWLFDO SRLQW
J7HQ  7R&L LV FRPSXWHG IURP (T  ZLWK (TV 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DQG  7KH IROORZLQJ HTXDWLRQ LV REWDLQHG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ZKHUH WKH UDGLXV U∗ OLPLWLQJ 9∗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 LV VROXWLRQ RI (T
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 REWDLQHG IURP :J7HQ  7R&L  :∗J7HQ  7R 1RWH WKDW
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7KHQ WR DYRLG IDWLJXH FUDFN LQLWLDWLRQ DW WKH FULWLFDO
SRLQW WKH ORDG YDULDEOHV sĀ sD t DQG tD KDYH WR YHULI\
WKH UHODWLRQV  DQG 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 sD@  )G7XQLD[b)G77HQ7R&Lb  s'7HQ
7KH SUHGLFWLRQV RI WKH SURSRVHG FULWHULRQ DFFRUGLQJ
WR (TV  DQG  DUH LOOXVWUDWHG LQ )LJ  IRU GLIIHUHQW
PHDQ VWUHVVHV RQ D QRQGLPHQVLRQDO GLDJUDP 7KHVH SUH
GLFWLRQV GR QRW GHSHQG RQ WKH SKDVH VKLIW f EHWZHHQ WHQ
)LJ  3UHGLFWLRQ RI WKH SURSRVDO LQ FRPELQHG WHQVLRQ DQG WRUVLRQ
IRU GLIIHUHQW PHDQ VKHDU VWUHVV H[DPSOH IRU WKH (1*-6 6* FDVW
LURQ b  
VLRQ DQG WRUVLRQ ZKLFK LV LQ DJUHHPHQW ZLWK H[SHUL
PHQWDO UHVXOWV RI WKH WHVWV FDUULHG RXW E\ 6LPEXUJHU HW
DO >@ DQG +HLGHQULFK HW DO >@ RQ D PLGGOH GXFWLOH
VWHHO )RU D FRPELQHG ORDGLQJ ZLWKRXW PHDQ VKHDU VWUHVV
WKH SUHGLFWLRQV DUH FORVH WR DQ HOOLSVH DUF VLPLODU WR WKH
*RXJK DQG 3ROODUG SURSRVDO LQ FRPELQHG EHQGLQJ DQG
WRUVLRQ ,I WKHUH LV QR DOWHUQDWLQJ VKHDU VWUHVV WKH PHDQ
VKHDU VWUHVV LQI XHQFH RQ WKH FULWHULRQ SUHGLFWLRQV LV YHU\
ORZ 7KLV LV LQ DJUHHPHQW ZLWK )URXVWH\¶V H[SHULPHQWV
RQ WKH 1L&U0R VWHHO >@
 6\QRSWLF RI WKH SURSRVDO
7KH XVH RI WKLV FULWHULRQ RQ DQ LQGXVWULDO FRPSRQHQW
UHTXLUHV D I QLWH HOHPHQW DQDO\VLV WR FRPSXWH :J DW DOO
WKH SRLQWV RI WKH FRPSRQHQW IURP WKH VWUHVV DQG VWUDLQ
WLPH KLVWRU\ DQG WR FRPSXWH WKH YROXPH LQI XHQFLQJ
IDWLJXH FUDFN LQLWLDWLRQ )RU D JLYHQ ORQJ WLPH LWV DSSOL
FDWLRQ FDQ EH RUJDQL]HG DV LOOXVWUDWHG RQ WKH I RZ FKDUW
LQ )LJ 
 'LVFXVVLRQ
 0HDQ ORDG HIIHFW
7KH VWUDLQ ZRUN YROXPHWULF GHQVLW\ JLYHQ SHU F\FOH WR
WKH PDWHULDO :J GHSHQGV RQ WKH PHDQ ORDG )LJ  )RU
H[DPSOH LQ XQLD[LDO WHQVLRQ :J0 LV HTXDO WR
)LJ  )ORZ FKDUW WR DSSO\ WKH SURSRVHG QRQORFDO PXOWLD[LDO IDWLJXH
FULWHULRQ
)LJ  9ROXPHWULF GHQVLW\ RI WKH HODVWLF VWUDLQ ZRUN JLYHQ SHU F\FOH
WR WKH PDWHULDO IRU GLIIHUHQW PHDQ ORDGV LQ WHQVLRQ
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,Q D +DLJK GLDJUDP WKH FULWHULRQ SUHGLFWLRQV GHSHQGV
RQ WKH PDWHULDO )LJ  VKRZV WKHVH SUHGLFWLRQV IRU WKH
6* FDVW LURQ (1*-6 D PLGGOH GXFWLOH PDWHULDO
TXHQFKHG DQG WHPSHUHG 1L&U0R VWHHO DQG D GXF
WLOH PDWHULDO DQQHDOHG & VWHHO ,Q WKLV GLDJUDP WKH
FXUYH LOOXVWUDWLQJ WKH FULWHULRQ KDV DQ LQI H[LRQ SRLQW $W
WKLV SRLQW WKH WDQJHQW OLQH LV GHI QHG E\ sPD[ 
FRQVWDQW 7KLV FRQVWDQW FRUUHVSRQGV DSSUR[LPDWHO\ WR WKH
PDWHULDO \LHOG VWUHVV s< DV VKRZQ LQ )LJ  IRU WKH
1L&U0R VWHHO 7KXV LI WKH PDWHULDO LV ORDGHG EHORZ
LWV \LHOG VWUHVV WKH HIIHFW RI D QRUPDO PHDQ VWUHVV RQ WKH
SUHGLFWLRQV LQ SXVK±SXOO WHVWV LV EHWZHHQ WKH *RRGPDQ
DQG WKH *HUEHU HPSLULFDO FULWHULD 7KLV LV LQ D JRRG
)LJ  (IIHFW RI PHDQ QRUPDO VWUHVV RQ WKH FULWHULRQ SUHGLFWLRQV LQ
SXVK±SXOO ORDGLQJV LQ D +DLJK GLDJUDP IRU WKUHH PDWHULDOV H[DPSOH
RI WKH sPD[s< OLQH IRU 1L&U0R VWHHO
DJUHHPHQW ZLWK PDQ\ IDWLJXH GDWD RQ GLIIHUHQW PDWHULDOV
DV UHSRUWHG E\ 6PLWK >@ 6LQHV >@ DQG %UDQG HW DO
>@ 7KHVH ODWWHU DXWKRUV OLPLW WKH +DLJK GLDJUDP E\ D
VWUDLJKW OLQH GHI QHG E\ sPD[  s<
)LJ  LOOXVWUDWHV WKH HQGXUDQFH OLPLWV SUHGLFWHG E\
WKH SURSRVDO LQ SXUH WRUVLRQ IRU WKH & VWHHO WKH
1L&U0R VWHHO DQG WKH 6* FDVW LURQ (1*-6
)RU WKHVH WKUHH PDWHULDOV WKH SUHGLFWLRQV DUH LQ YHU\ JRRG
DJUHHPHQW ZLWK WKH REVHUYDWLRQV RI 6LQHV >@ ZKR
SRLQWHG RXW WKH ORZ LQI XHQFH RI WKH PHDQ WRUVLRQ ORDG
LI WKH PD[LPXP VKHDU VWUHVV LV EHORZ WKH VKHDU \LHOG
VWUHVV t< ,W LV DOVR LQWHUHVWLQJ WR QRWH WKDW WKH SUHGLFWHG
OLPLW DOVR GHSHQGV RQ WKH PDWHULDO WKH PRUH EULWWOH WKH
PDWHULDO WKH JUHDWHU LV WKH LPSRUWDQFH RI LWV PHDQ VKHDU
VWUHVV VHQVLWLYLW\ 7KLV SRLQW LV FRQI UPHG E\ 6PLWK >@
,Q FRPELQHG SODQH EHQGLQJ DQG WRUVLRQ WKH SURSRVHG
FULWHULRQ LV FORVH WR WKH HOOLSVH DUF RI *RXJK DQG 3ROODUG
>@ DV VKRZQ LQ )LJ  ,W KDV WR EH SRLQWHG RXW WKDW
WKHUH LV D YHU\ VPDOO HIIHFW RQ WKH SUHGLFWHG HQGXUDQFH
OLPLW RI D PHDQ VKHDU VWUHVV ZLWKRXW DOWHUQDWLQJ VKHDU
VWUHVV 7KLV LV LQ DJUHHPHQW ZLWK )URXVWH\¶V H[SHULPHQWV
LQ KLJK F\FOH IDWLJXH >@
 (IIHFW RI WKH SKDVH VKLIW LQ FRPELQHG ORDGLQJV
7KHUH LV D SKDVH VKLIW HIIHFW RQ WKH FULWHULRQ SUHGLF
WLRQV LQ ELD[LDO WHQVLRQ DV VKRZQ LQ )LJ  7KLV LV LQ
DJUHHPHQW ZLWK H[SHULPHQWDO UHVXOWV FDUULHG RXW E\ 'LHW
PDQ HW DO >@ RQ D 6W VWHHO (16 7KHVH DXWKRUV
VKRZHG WKDW IRU GXFWLOH PDWHULDOV WKHUH LV D QHJDWLYH
HIIHFW RI WKH SKDVH VKLIW RQ WKH HQGXUDQFH OLPLW ZKHUHDV
IRU EULWWOH PDWHULDOV WKLV LQI XHQFH LV SRVLWLYH HQGXUDQFH
OLPLW IRU RXW RI SKDVH ORDGLQJV LV JUHDWHU WKDQ IRU ORDGLQJ
LQ SKDVH 7KHVH H[SHULPHQWDO IDFWV DUH ZHOO SUHGLFWHG E\
)LJ  0D[LPXP VKHDU VWUHVV LQI XHQFH RQ WKH DOORZDEOH VKHDU
VWUHVV DPSOLWXGH IRU WKH SURSRVHG QRQORFDO FULWHULRQ VPRRWK VSHFLPHQ
LQ WRUVLRQ
)LJ  &ULWHULRQ SUHGLFWLRQV LQ FRPELQHG SODQH EHQGLQJ DQG WRUVLRQ
RQ VPRRWK VSHFLPHQ IRU GLIIHUHQW PHDQ VKHDU VWUHVV H[DPSOH IRU WKH
(1*-6 6* FDVW LURQ
RXU SURSRVDO DV LOOXVWUDWHG LQ )LJ  ZLWK WZR W\SHV RI
PDWHULDOV GXFWLOH DQG EULWWOH 7KH GLIIHUHQW SKDVH VKLIW
HIIHFWV DUH OLQNHG ZLWK WKH YDOXH RI WKH b SDUDPHWHU
2Q WKH RWKHU KDQG DV H[SODLQHG LQ WKH FDVH VWXG\
SUHVHQWHG EHIRUH WKH SURSRVDO LV QRW SKDVH VKLIW GHSHQ
GHQW LQ FRPELQHG WHQVLRQ DQG WRUVLRQ RU EHQGLQJ DQG
WRUVLRQ 7KLV SRLQW LV GLVFXVVHG LQ WKH OLWHUDWXUH E\ 6RQ
VLQR DQG .XHSSHUV >@ $FFRUGLQJ WR WKHVH DXWKRUV
 IRU GXFWLOH PDWHULDOV VWUXFWXUDO VWHHOV ZHOGHG VWHHOV
RXWRISKDVH ORDGLQJV FDXVH D UHGXFWLRQ RI WKH
IDWLJXH VWUHQJWK
 IRU VHPLGXFWLOH PDWHULDOV FDVW VWHHOV ZHOGHG DOXPL
QXP MRLQWV WKH IDWLJXH EHKDYLRXU LV QHXWUDO DQG
 IRU EULWWOH PDWHULDOV FDVW LURQ FDVW DOXPLQXP VLQWHUHG
VWHHOV RXWRISKDVH ORDGLQJ LQFUHDVHV WKH IDWLJXH
VWUHQJWK
1HYHUWKHOHVV WKLV SKDVH VKLIW HIIHFW LV VPDOO DW WKH HQGXU
DQFH OLPLW DURXQG  RI WKH HQGXUDQFH OLPLW IRU WKH (1
*-6 6* FDVW LURQ >@ 7KH SURSRVDO SUHGLFWLRQV
DUH LQ DJUHHPHQW ZLWK IDWLJXH GDWD LQ HQGXUDQFH LI WKH
VFDWWHU RI H[SHULPHQWV LV FRQVLGHUHG >@
 /RDG W\SH HIIHFW
7KH PHDQ YDOXH RYHU WKH YROXPH LQI XHQFLQJ IDWLJXH
FUDFN LQLWLDWLRQ RI WKH YROXPHWULF VWUDLQ ZRUN GHQVLW\
JLYHQ WR WKH PDWHULDO J LV ORDG W\SH GHSHQGHQW LW DOVR
GHSHQGV RQ WKH VSHFLPHQ JHRPHWU\ 6R WKLV SDUDPHWHU LV
GLIIHUHQW IRU DOO WKH XQLD[LDO ORDGLQJV WHQVLRQ URWDWLQJ
EHQGLQJ IRXUSRLQW SODQH EHQGLQJ WKUHHSRLQW SODQH
EHQGLQJ 7KH FULWHULRQ WDNHV LQWR DFFRXQW WKH VWUHVV DQG
VWUDLQ YROXPHWULF GLVWULEXWLRQ DURXQG WKH FULWLFDO SRLQW
WKDW LV ZK\ LW LV VHQVLWLYH WR WKH ORDG W\SH $V VKRZQ LQ
)LJ  ZLWK DQ H[DPSOH RI (1*-6 6* FDVW LURQ
)LJ  ,QI XHQFH RI WKH SKDVH VKLIW RQ WKH FULWHULRQ SUHGLFWLRQ LQ ELD[LDO WHQVLRQ IRU WZR PDWHULDOV &' VWHHO b   DQG (1*-6
6* FDVW LURQ b  
)LJ  &ULWHULRQ SUHGLFWLRQV LQ D +DLJK GLDJUDP LQ WHQVLRQ SODQH
EHQGLQJ RQ VSHFLPHQ ZLWK VTXDUH FURVV VHFWLRQ ZLWK URXQG FURVVVHF
WLRQ DQG LQ URWDWLQJ EHQGLQJ H[DPSOH RQ (1*-6 FDVW LURQ
WKH SUHGLFWLRQV GLVWLQJXLVK WKH ORDG W\SH DQG WKH VSHFL
PHQ JHRPHWU\ 7KLV LV LQ DJUHHPHQW ZLWK H[SHULPHQWV
>@ WKH IXOO\ UHYHUVHG HQGXUDQFH OLPLW LQ WHQVLRQ RQ D
VPRRWK VSHFLPHQ LV ORZHU WKDQ LQ URWDWLQJ EHQGLQJ WKLV
ODVW OLPLW LV DOVR ORZHU WKDQ LQ SODQH EHQGLQJ )XUWKHU
PRUH WKH HQGXUDQFH OLPLW LQ SODQH EHQGLQJ RQ D VPRRWK
VSHFLPHQ ZLWK D URXQG FURVVVHFWLRQ LV QRW WKH VDPH DV
WKDW RQ D VPRRWK VSHFLPHQ ZLWK D VTXDUH FURVVVHFWLRQ
'XH WR WKH IDFW WKDW WKHUH LV RQO\ D VWUHVV JUDGLHQW DORQJ
WKH UDGLXV RI D URXQG VSHFLPHQ ORDGHG LQ URWDWLQJ EHQG
LQJ WKH HQGXUDQFH OLPLW LQ URWDWLQJ EHQGLQJ LV QHDU WKH
SODQH EHQGLQJ HQGXUDQFH OLPLW RQ D VSHFLPHQ ZLWK
VTXDUH FURVVVHFWLRQ >@ 7KLV LV ZHOO SUHGLFWHG E\ RXU
SURSRVDO DV VKRZQ RQ WKH YHUWLFDO D[LV LQ )LJ  8QGHU
FRPELQHG ORDGLQJV GHSHQGLQJ RQ ERWK WKH WULD[LDOLW\
GHJUHH RI VWUHVVHV DQG WKH PDWHULDO SDUDPHWHU b WKH
HQGXUDQFH OLPLWV SUHGLFWHG DUH DOVR GLIIHUHQW
 &RPSDULVRQ EHWZHHQ SUHGLFWLRQV DQG
H[SHULPHQWV
7KH DFFXUDF\ RI RXU SURSRVDO LV FRPSDUHG ZLWK WKH
DFFXUDF\ RI RWKHU ZHOO NQRZQ ORFDO PXOWLD[LDO IDWLJXH
FULWHULD &URVVODQG >@ 'DQJ9DQ >@ ODVW SURSRVDO
ZLWK GRXEOH PD[LPXP RQ WKH SODQH RULHQWDWLRQ DQG LQ
WLPH 3DSDGRSRXORV >@ DQG 0RUHO >@ $ VKRUW
GHVFULSWLRQ RI WKHVH PRGHOV LV SUHVHQWHG LQ WKH $SSHQGL[
7KH SUHGLFWLRQV RI RXU SURSRVDO DUH FRPSDUHG ZLWK
KLJKF\FOH PXOWLD[LDO IDWLJXH GDWD  F\FOHV RU PRUH
FDUULHG RXW RQ VPRRWK VSHFLPHQV PDGH RI WKUHH
PDWHULDOV D TXHQFKHG DQG WHPSHUHG 1L&U0R VWHHO
IURP )URXVWH\ HW DO >@ DQ DQQHDOHG & VWHHO IURP
*DOWLHU >@ DQG D 6* FDVW LURQ (1*-6 IURP
%HQQHEDFK >@ DQG 3DOLQ/XF >@ 7KHLU PDLQ PHFK
DQLFDO FKDUDFWHULVWLFV DUH JLYHQ LQ 7DEOH  WKH HQGXUDQFH
OLPLWV DW  F\FOHV RU PRUH RI WKLV WDEOH ZHUH REWDLQHG
E\ WKH VWDLUFDVH PHWKRG ZLWK DW OHDVW  VSHFLPHQV
7KH LGHQWLI FDWLRQ RI WKH SDUDPHWHUV RI HDFK FULWHULRQ
ZDV GRQH E\ XVLQJ WKH HQGXUDQFH OLPLWV LQ 7DEOH  7KHVH
HQGXUDQFH OLPLWV ZHUH XVHG WR LGHQWLI\ WKH SDUDPHWHUV RI
RXU SURSRVDO s∗ DQG b 7KH YDOXH RI WKH UDWLR s∗ 
s'7HQ LV PDWHULDO GHSHQGHQW )RU WKH WHVWHG PDWHULDOV
WKLV UDWLR LV EHWZHHQ  DQG  IRU WKH 1L&U0R
VWHHO s∗   03D DQG b   IRU & VWHHO s∗ 
 03D DQG b   IRU WKH (1*-6 6* FDVW
LURQ s∗   03D DQG b   )RU WKH ORFDO FULWHULD
WKH HQGXUDQFH OLPLW LQ IXOO\ UHYHUVHG WRUVLRQ ZDV DOZD\V
XVHG DV D UHIHUHQFH 7KH UHIHUHQFH XQLD[LDO HQGXUDQFH
OLPLW ZDV s'7HQ IRU WKH WHVWV 1R   DQG  EHFDXVH
WKHVH DUH H[SHULPHQWV LQ WHQVLRQ ZKHUHDV IRU DOO WKH
RWKHU WHVWV WKH HQGXUDQFH OLPLW LQ IXOO\ UHYHUVHG SODQH
EHQGLQJ s3 %HQ   ZDV XVHG 7KH 0s DSSURDFK ZDV XVHG
IRU WKH 3DSDGRXSRORV FULWHULRQ )RU WKH 0RUHO SURSRVDO
D 6±1 FXUYH LV QHHGHG WR LGHQWLI\ WKH S T DQG U SDUD
PHWHUV 7KH IROORZLQJ YDOXHV ZHUH GHQWLI HG E\ %DQYLOOHW
>@ L IRU (1*-6 S   F\FOHV T 
7DEOH 
0HFKDQLFDO FKDUDFWHULVWLFV VWDWLF DQG LQ KLJK F\FOH IDWLJXH RI WKH WHVWHG PDWHULDOV
0DWHULDO ( n s< 5P $ t' s'7HQ s'5RW%HQ s'3O%HQ
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 S 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  F\FOHV DQG U  
$ WRWDO RI  FRPSDULVRQV EHWZHHQ H[SHULPHQWV DQG SUHGLF
WLRQV DUH JLYHQ LQ 7DEOH  E\ XVLQJ WKH 5HODWLYH (UURU RI 3UH
7DEOH 
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D 3URS SURSRVDO '9 'DQJ 9DQ 3DS 3DSDGRSRXORV &URV &URVVODQG 0R 0RUHO
E %ROG 5(3 YDOXHV DUH WKRVH VXFK WKDW _5(3_ 
 p
GLFWLRQ 5(3 GHI QHG E\ (T  7KLV ZDV FRPSXWHG IRU
D JLYHQ PHDQ ORDG DQG D I [HG ORDGLQJ UDWLR s'D s'D  ,I 5(3
LV SRVLWLYH WKH SUHGLFWLRQ LV FRQVHUYDWLYH VDIHW\ LH SUHGLFWLRQ
LV ORZHU WKDQ H[SHULPHQW ,I 5(3 LV QHJDWLYH WKH SUHGLFWLRQ LV
XQFRQVHUYDWLYH LW LV JUHDWHU WKDQ H[SHULPHQWDO UHVXOW
5(3 
s'D([Ss'D3UHG
s'D([S
  
,Q 7DEOH  ZH QRWLFH WKDW WKH ZRUVW SUHGLFWLRQV DUH WKRVH
RI WKH ORFDO FULWHULD RI 'DQJ 9DQ DQG &URVVODQG IRU QRQ
SURSRUWLRQDO ORDGLQJV DQG IRU WHVWV ZLWK QRQ]HUR PHDQ
VWUHVV XS WR D 5(3 RI  7KH VFDWWHU RI WKH 5(3 IRU
WKH 'DQJ 9DQ DQG &URVVODQG FULWHULD LV WKH ODUJHVW $OO
WKH 5(3 YDOXHV DUH LOOXVWUDWHG LQ )LJ  (DFK EDU RI
WKHVH KLVWRJUDPV UHSUHVHQWV WKH QXPEHU RI WHVW FRQGLWLRQV
IRU ZKLFK WKH FRUUHVSRQGLQJ 5(3 YDOXH LV LQVLGH D 
FODVV ZLGWK
)LJ  VKRZV WKDW WKH 5(3 KLVWRJUDP RI RXU SURSRVDO
LV FHQWHUHG DURXQG  ZLWK D VKRUWHU VFDWWHU WKDQ RWKHU
WHVWHG FULWHULD $OO WKH HQGXUDQFH OLPLWV SUHGLFWHG E\ RXU
SURSRVDO DUH LQVLGH WKH VPDOOHVW VFDWWHU EDQG RQO\ p
 )XWKHUPRUH VLQFH DOO WKH RWKHU ORFDO FULWHULD GR QRW
GLVWLQJXLVK WHQVLRQ IURP EHQGLQJ WKH\ DUH YHU\ VHQVLWLYH
WR WKH SDUDPHWHU LGHQWLI FDWLRQ :KHQ D FRPELQHG ORDG
LQJ LV FRPSRVHG ZLWK SODQH EHQGLQJ WKH FULWHULRQ SDUD
PHWHUV H[FHSW IRU RXU SURSRVDO ZHUH LGHQWLI HG ZLWK WKH
HQGXUDQFH OLPLW LQ SODQH EHQGLQJ %XW WKH XVH RI WKH
HQGXUDQFH OLPLW LQ WHQVLRQ WR LGHQWLI\ PDWHULDO SDUD
PHWHUV RI WKH ORFDO FULWHULD PD\ JHQHUDWH PRUH WKDQ
 RI 5(3 7KLV PD\ EH YHU\ GDQJHURXV IRU D
GHVLJQ GHSDUWPHQW
 &RQFOXVLRQ DQG SURVSHFWV
$IWHU D TXLFN RYHUYLHZ RI VRPH IDWLJXH FULWHULD LQ
ZKLFK SUHGLFWLRQV DUH VWUHVV GLVWULEXWLRQ GHSHQGHQW D
)LJ  &RPSDULVRQ RI FXPXODWLYH 5HODWLYH (UURU RI 3UHGLFWLRQ  FODVV ZLGWK  
YROXPHWULF HQHUJ\ EDVHG KLJKF\FOH PXOWLD[LDO IDWLJXH
FULWHULRQ LV SUHVHQWHG 7KH SURSRVDO LV EDVHG RQ WKH GDP
DJLQJ SDUW RI WKH YROXPHWULF GHQVLW\ RI WKH VWUDLQ ZRUN
JLYHQ WR WKH PDWHULDO SHU ORDG F\FOH 7KLV LV DQ HYROXWLRQ
RI WKH HQHUJ\ EDVHG FULWHULRQ SURSRVHG E\ 3DOLQ/XF DQG
/DVVHUUH >@ ZKLFK ZDV OLPLWHG WR IXOO\ UHYHUVHG VLQXV
RLGDO ORDGLQJV 7KH SURSRVDO XVHV D QRQORFDO DSSURDFK
EDVHG RQ WKH FRQFHSW RI YROXPH LQI XHQFLQJ IDWLJXH FUDFN
LQLWLDWLRQ 7KLV YROXPH LV OLPLWHG E\ DQ HQHUJ\ WKUHVKROG
:∗J FRUUHVSRQGLQJ WR WKH VWUHVV OHYHO s∗ EHORZ WKH XVXDO
HQGXUDQFH OLPLW DERYH ZKLFK PLFURFUDFNV FDQ LQLWLDWH
LQ WKH PDWHULDO HYHQ LI WKHUH LV QR PDFURFUDFN
GHWHFWDEOH E\ VWLIIQHVV GHFUHDVLQJ RI WKH VSHFLPHQ
7KH SUHGLFWLRQV RI WKLV SURSRVDO GHSHQG RQ WKH VWUHVV±
VWUDLQ GLVWULEXWLRQ LQVLGH WKH FRPSRQHQW ORDG W\SHV FDQ
WKXV EH GLVWLQJXLVKHG 7KLV FULWHULRQ LV PHDQ ORDG VHQVL
WLYH LWV SUHGLFWLRQV DUH LQ JRRG DJUHHPHQW ZLWK PDQ\
IDWLJXH GDWD IURP WKH OLWHUDWXUH 7KH SKDVH VKLIW HIIHFW
RQ WKH HQGXUDQFH OLPLW LV DOVR ZHOO SUHGLFWHG E\ WKH SUR
SRVDO 7KLV HIIHFW LV PDWHULDO GHSHQGHQW LQ ELD[LDO WHQ
VLRQ )RU D GXFWLOH PDWHULDO WKH HIIHFW LV QHJDWLYH EXW LW
LV SRVLWLYH IRU EULWWOH PDWHULDOV DV LV UHSRUWHG LQ WKH
OLWHUDWXUH 8QGHU FRPELQHG ORDGLQJV WHQVLRQ DQG WRUVLRQ
RU EHQGLQJ DQG WRUVLRQ WKH FULWHULRQ SUHGLFWLRQV DUH QHDU
WKH HOOLSWLF DUF SURSRVHG E\ *RXJK DQG 3ROODUG
6LQFH WKH YROXPHWULF VWUHVV±VWUDLQ GLVWULEXWLRQ LV FRQ
VLGHUHG E\ WKH SURSRVDO LW ZLOO EH LQWHUHVWLQJ WR WHVW LWV
DFFXUDF\ ZLWK H[SHULPHQWV RQ QRWFKHG VSHFLPHQV $
SRVWSURFHVVRU IRU I QLWH HOHPHQW DQDO\VLV LV QHHGHG WR
FRPSXWH WKH YROXPH LQI XHQFLQJ IDWLJXH FUDFN LQLWLDWLRQ
LI WKH FRPSRQHQW JHRPHWU\ LV FRPSOH[ :H DUH QRZ
ZRUNLQJ RQ WKLV SRVWSURFHVVRU 7KH HQHUJ\ WKUHVKROG
:∗J KDV WR EH FRUUHODWHG ZLWK PLFURGDPDJH REVHUYDWLRQV
RQ GLIIHUHQW PDWHULDOV WR XQGHUVWDQG WKH OLQN EHWZHHQ WKLV
WKUHVKROG DQG WKH PLFURVWUXFWXUH RI WKH PDWHULDO 7KLV
SURSRVDO KDV DOVR WR EH WHVWHG LQ PLGGOH F\FOH IDWLJXH
EHWZHHQ  F\FOHV DQG PRUH ,I LWV SUHGLFWLRQV DUH JRRG
LW VKRXOG EH SRVVLEOH WR SUHGLFW DOO WKH 6±1 FXUYHV IURP
D XQLD[LDO RQH VLQFH WKH SURSRVDO LV ORDG W\SH DQG PHDQ
ORDG VHQVLWLYH
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV FDUULHG RXW DV SDUW RI D UHVHDUFK FRQ
WUDFW ZLWK WKH 0DWHULDOV (QJLQHHULQJ 'HSDUWPHQW RI
5(1$8/7 5(1$8/7 LV JUDWHIXOO\ DFNQRZOHGJHG IRU
HQDEOLQJ WKH DXWKRUV WR GR WKLV ZRUN
$SSHQGL[ %ULHI GHVFULSWLRQ RI WKH WHVWHG ORFDO
FULWHULD
7KH &URVVODQG FULWHULRQ LV GHI QHG E\ D OLQHDU UHODWLRQ
VKLS EHWZHHQ WKH PD[LPXP RQ WKH ORDGLQJ SHULRG 7 RI
WKH K\GURVWDWLF VWUHVV 3+ PD[ DQG WKH DPSOLWXGH tD - RI
-W ZKHUH -W LV WKH VHFRQG LQYDULDQW RI WKH GHYL
DWRULF VWUHVV WHQVRU 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7KH PDWHULDO SDUDPHWHUV D DQG E DUH JLYHQ E\ WKH IROORZ
LQJ HTXDWLRQV D  t' s' DQG E  t' ZKHUH
s' LV WKH IXOO\ UHYHUVHG HQGXUDQFH OLPLW IRU D XQLD[LDO
VWUHVV VWDWH WHQVLRQ SODQH EHQGLQJ RU URWDWLQJ EHQGLQJ
DQG t' LV WKH HQGXUDQFH OLPLW LQ IXOO\ UHYHUVHG WRUVLRQ
7KH 'DQJ9DQ PRGHO LV D FULWLFDO SODQH FULWHULRQ EDVHG
RQ D PHVRVFRSLF VFDOH DSSURDFK >@ ,W FDQ EH H[SUHVVHG
DV (T  ZKHUH _

tD0

QW_ LV WKH DPSOLWXGH RI WKH VKHDU
VWUHVV YHFWRU DFWLQJ RQ WKH PDWHULDO SODQH RULHQWDWHG E\
WKH XQLW QRUPDO YHFWRU

Q DW WKH SRLQW 0 3+ 0 LV WKH
K\GURVWDWLF VWUHVV 7KH SDUDPHWHUV F DQG G DUH LGHQWLI HG
IURP WZR H[SHULPHQWDO HQGXUDQFH OLPLWV IRU LQVWDQFH
F  t' s'  DQG G  t'
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'HSHQGLQJ RQ WKH YDOXH RI WKH UDWLR t' s'7HQ RI WKH
PDWHULDO 3DSDGRSRXORV >@ SURSRVHG WZR KLJK F\FOH
PXOWLD[LDO IDWLJXH FULWHULD EDVHG RQ D PHVRVFRSLF
DSSURDFK 7KHVH FULWHULD DUH EXLOW ZLWK WZR URRW PHDQ
VTXDUH TXDQWLWLHV 7KH I UVW RQH QRWHG 7s  LV UHODWHG
WR WKH PDFURVFRSLF UHVROYHG VKHDU VWUHVV DPSOLWXGH 7D
DFWLQJ RQ DOO WKH SRVVLEOH GLUHFWLRQV ORFDWHG E\ WKH
DQJOH y RI D PDWHULDO SODQH RULHQWDWHG E\ WKH XQLW QRU
PDO YHFWRU

Q GHI QHG E\ WKH DQJOHV q DQG f 7KH VHFRQG
QRWHG 0s LV WKH URRW PHDQ VTXDUH YDOXH RI 7s RQ DOO
WKH SRVVLEOH PDWHULDO SODQHV 
7s0qf ppy  7DqfyGy  
0s0  pf  pf   
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)LQDOO\ WKH WZR HQGXUDQFH FULWHULD DUH GHI QHG E\ (TV
 DQG  7KH PDWHULDO SDUDPHWHUV DUH UHODWHG IRU
LQVWDQFH WR WKH IXOO\ UHYHUVHG HQGXUDQFH OLPLWV LQ WRU
VLRQ t'7R DQG LQ XQLD[LDO VWUHVV VWDWH s' WHQVLRQ SODQH
RU URWDWLQJ EHQGLQJ H  t' s'  I  t' DQG
J  t' s' K  t'
,I  t' s'7HQ
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,I  t' s'7HQ
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
0RUHO >@ SURSRVHG D IDWLJXH OLIH FDOFXODWLRQ
PRGHO EDVHG RQ WKH 7s 3DSDGRSRXORV DSSURDFK 7KH
FULWLFDO SODQH LV WKH SODQH H[SHULHQFLQJ WKH PD[LPXP
YDOXH RI 7s QRWHG 73  PD[qf>7sqf@ $FFRUGLQJ WR
WKLV PRGHO WKH QXPEHU RI F\FOHV 1L IRU IDWLJXH FUDFN
LQLWLDWLRQ DW WKH SRLQW 0 LV FRPSXWHG E\ WKH IROORZLQJ
HTXDWLRQ IRU FRQVWDQW DPSOLWXGH F\FOLF ORDGLQJV
1L  SOQ &D&D7V  T tOLP&DtOLP U&D  
ZKHUH &D LV WKH PD[LPXP YDOXH RI WKH UHVROYHG VKHDU
VWUHVV DPSOLWXGH 7D RQ WKH FULWLFDO SODQH tOLP LV WKH OLPLW
YDOXH RI WKH PDFURVFRSLF VKHDU VWUHVV DPSOLWXGH RQ WKH
FULWLFDO SODQH  3+ D DQG 3+ P DUH UHVSHFWLYHO\ WKH
DPSOLWXGH DQG WKH PHDQ YDOXH RI WKH K\GURVWDWLF VWUHVV
+ LV D SKDVH VKLIW FRHII FLHQW +  73 &D YDU\LQJ
EHWZHHQ p DQG p
tOLP 
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7KLV DXWKRU DVVXPHV WKDW D FU\VWDO RI D PHWDOOLF PDWHULDO
KDV D PHFKDQLFDO EHKDYLRXU ZKLFK FDQ EH GHVFULEHG E\
WKUHH SKDVHV KDUGHQLQJ VDWXUDWLRQ DQG VRIWHQLQJ 7KH
SDUDPHWHUV S T DQG U DUH UHODWHG WR WKHVH SKDVHV WKHLU
LGHQWLI FDWLRQ LV GHWDLOHG LQ >@ >@ 6LQFH WKH 0RUHO
DSSURDFK LV D OLIH FDOFXODWLRQ PRGHO LWV DSSOLFDWLRQ ZDV
GRQH E\ FRPSXWLQJ WKH HQGXUDQFH OLPLW FRUUHVSRQGLQJ WR
WKH JLYHQ ORQJ OLIH RI WKH UHIHUHQFH H[SHULPHQWDO GDWD
 F\FOHV RU PRUH
5HIHUHQFHV
>@ 'DQJ 9DQ . &DLOOHWDXG * )ODYHQRW -) /H 'RXDURQ $ /LHXUDGH
+3 $PRUFÜDJH GHV I VVXUHV GH IDWLJXH VRXV VROLFLWDWLRQV FRP
SOH[HV ,Q 3DULV 6)0  S ±
>@ %DWKLDV & %DÕORQ -3 /D IDWLJXH GHV PDWHULDX[ HW GHV VWUXFWXUHV
3DULV )UDQFH +HUPHCV 
>@ 3DOLQ/XF 7 /DVVHUUH 6 $Q HQHUJ\ EDVHG FULWHULRQ IRU KLJK F\FOH
PXOWLD[LDO IDWLJXH (XU - 0HFKDQLV $6ROLGV ±
>@ 6RQVLQR &0 .DXIPDQQ + *XEULVLF 9 7UDQVIHUDELOLW\ RI
PDWHULDO GDWD IRU WKH H[DPSOH RI D UDQGRPO\ ORDGHG WUXFN VWXE
D[OH 6$( 7HFK 3DSHU 6HULHV  ±
>@ 3DSDGRSRXORV ,9 3DQRVNDOWVLV 93 *UDGLHQW GHSHQGHQW PXOWLD[
LDO KLJKF\FOH IDWLJXH FULWHULRQ ,Q 3URFHHGLQJV RI WKH )RXUWK
,QWHUQDWLRQDO &RQIHUHQFH RQ %LD[LDO0XOWLD[LDO )DWLJXH YRO  6W
*HUPDLQ HQ /D\H )UDQFH ()0  S ±
>@ 3KLOOLSV &( +H\ZRRG 5% 7KH VL]H HIIHFW LQ IDWLJXH RI SODLQ DQG
QRWFKHG VWHHO VSHFLPHQV ORDGHG XQGHU UHYHUVHG GLUHFW VWUHVV 3URF
, 0HFK ( 
>@ %UDQG $ 6XWWHUOLQ 5 &DOFXO GHV SLHFHV DC OD IDWLJXH²0HWKRGH
GX JUDGLHQW 6HQOLV )UDQFH &(7,0   S
>@ 3HWHUVRQ 5( 6WUHVV FRQFHQWUDWLRQ IDFWRUV 1HZ <RUN :LOH\
,QWHUVFLHQFH 
>@ 4\ODINX * $]DUL = .DGL 1 *MRQDM 0 3OXYLQDJH * $SSOLFDWLRQ
RI D QHZ PRGHO SURSRVDO IRU IDWLJXH OLIH SUHGLFWLRQ RQ QRWFKHV
DQG NH\VHDWV ,QW - )DWLJXH ±
>@ )ODYHQRW -) 6NDOO\ 1 /¶HSDLVVHXU GH FRXFKH FULWLTXH RX XQH
QRXYHOOH DSSURFKH GX FDOFXO HQ IDWLJXH DC ORQJ WHUPH GHV VWUXFWXUHV
VRXPLVHV DC GHV VROLFLWDWLRQV PXOWLD[LDOHV HQ SUHVHQFH GH JUDGLHQW
GH FRQWUDLQWH 5HY 0HFDQLTXH 0DWHULDX[ HW (OHFWULFLWH
±
>@ 3DSDGRSRXORV ,9 3DQRVNDOWVLV 93 ,QYDULDQW IRUPXODWLRQ RI D
JUDGLHQW GHSHQGHQW PXOWLD[LDO KLJKF\FOH IDWLJXH FULWHULRQ (QJQJ
)UDFW 0HFK ±
>@ 3OXYLQDJH * 1RWFK HIIHFW LQ KLJK F\FOH IDWLJXH ,Q ,&)  3UR
FHHGLQJV YRO   S ±
>@ 1JDUJXHXGHGMLP . :HEHU % 5REHUW -/ $FFRXQWLQJ IRU VWUHVV
JUDGLHQW HIIHFW LQ PXOWLD[LDO IDWLJXH FULWHULD ,Q GH )UHLWDV 0
HGLWRU 6L[WK ,QWHUQDWLRQDO &RQIHUHQFH RQ %LD[LDO0XOWLD[LDO
)DWLJXH DQG )UDFWXUH (6,6  S ±
>@ 0RUHO ) 3DOLQ/XF 7 $ QRQORFDO WKHRU\ GHYRWHG WR KLJK F\FOH
PXOWLD[LDO IDWLJXH ,QW - )DWLJXH ±
>@ 6HZHU\Q $ 0UR] = 2Q WKH FULWHULRQ RI GDPDJH HYROXWLRQ IRU
YDULDEOH PXOWLD[LDO VWUHVV VWDWHV ,QW - 6ROLGV 6WUXFWXUHV
±
>@ .HQQHG\ 7& 1DKDQ 0) $ VLPSOH QRQORFDO GDPDJH PRGHO IRU
SUHGLFWLQJ IDLOXUH LQ D FRPSRVLWH VKHOO FRQWDLQLQJ D FUDFN &RP
SRV 6WUXFW ±
>@ 3DOLQ/XF 7 /DVVHUUH 6 %HUDUG -< ([SHULPHQWDO LQYHVWLJDWLRQ
RQ WKH VLJQLI FDQFH RI WKH FRQYHQWLRQDO HQGXUDQFH OLPLW RI D VSKH
URLGDO JUDSKLWH FDVH LURQ )DWLJXH )UDFW (QJQJ 0DWHU 6WUXFW
±
>@ 0LHONH 6 )HVWLJNHLWVYHUKDOWHQ PHWDOOLVFKHU ZHUNVWRIIH XQWHU
]ZHLDFKVLJVFKZLQJHQGHU EHDQVSUXFKXQJ PLW YHUVFKLHGHQHQ
VSDQQXQJV]HLWYHUODXIHQ 3K' WKHVLV $DFKHQ  S 
>@ 'LHWPDQQ + %RQJKLEKDW 7 6FKPLG $ 0XOWLD[LDO IDWLJXH
EHKDYLRU RI VWHHOV XQGHU LQSKDVH DQG RXWRISKDVH ORDGLQJ
LQFOXGLQJ GLIIHUHQW ZDYH IRUPV DQG IUHTXHQFLHV ,Q 7KLUG ,QWHU
QDWLRQDO &RQIHUHQFH RQ %LD[LDO0XOWLD[LDO )DWLJXH 6WXWWJDUW
$SULO  S ±
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